Blood pressure has been shown to decrease in response to hospital admission. Several parameters including the decline of sympathetic nervous activity and negative sodium balance have been shown to be involved in this phenomenon. We investigated genetic influence on office BP and BP after hospitalization.
Introduction
It is well established that blood pressure decreases in response to hospitalization in both hypertensive patients and normotensive subjects (1, 2). This hospitalization-related decline in blood pressure was sometimes used as a therapeutic maneuver before the introduction of antihypertensive drugs (1-4). Several potential contributing factors have been previously investigated, including regression to the mean, habituation to the medical environment, placebo effect (hospitalization itself), and bed rest as a form of isolation from the stress of the normal environment. Reduction of sympathetic nervous activity and changes in sodium intake have been shown to be underlying mechanisms for hospitalization-associated blood pressure reduction (1-10).
Recently, Mills et al. (5) demonstrated a racial difference in the decline in blood pressure with hospitalization. They found that African Americans showed consistently smaller declines in blood pressure after hospitalization than did whites. This finding indicates that genetic factors may be involved in the blood pressure reduction associated with hospitalization.
Insertion and deletion (I/D) polymorphism of angiotensin converting enzyme (ACE) is one of the most studied genotypes among those shown to be related to cardiovascular complications (11). However, conflicting results have been reported on the relationship between blood pressure level and I/D polymorphism (12-24).
Several factors including environmental fluctuation could be involved in this disparity among results. Given that blood pressure level after hospitalization was expected to be more relevant to the basal level of blood pressure (i. e. , involve a minimum of environmental factors), we investigated the association between ACE genotype and blood pressure levels after hospitalization.
Methods

Subjects
Subjects were recruited from among individuals consecutively admitted to the Hospital for general medical checkup between September 1991 and March 1993. All subjects were Japanese, and all gave informed consent before participating in the research protocol. First, subjects completed a questionnaire on their medical history, family history, smoking habits and alcohol consumption. They were admitted at 9 AM. Blood pressure was measured at 10 AM on the day of admission, and at 10 AM the next morning (i. e. , after a one night stay in hospital). Blood pressure was determined by one measurement, with the patient in a sitting position on the bed after 10 min rest, taken by a well-trained nurse. A sphygmomanomer was used to measure blood pressure. Normotension was defined as systolic blood pressure < 140 mmHg and diastolic blood pressure <90 mmHg. Those subjects taking antihypertensive drugs were excluded from the present study. A total of 163 normotensive male subjects were enrolled.
DNA Analysis
Blood was withdrawn on the first day, before breakfast. DNA was extracted from 10 ml of whole blood using SepaGene (Sanko Junyaku Co., Tokyo, Japan). The ACE I/D genotype of the patients was determined by polymerase chain reaction (PCR) using a flanking primer pair that amplified a genomic DNA fragment of intron 16 in the ACE gene. PCR was performed according to the method of Lindpaintner et al. (25) with minor modification. The sequences of the sense and antisense primers were 5'GCC CTG CAG GTG TCT GCA GCA TGT-3' and 5'GGA TGG CTC TCC CCG CCT TGT TCT C-3', respectively. Amplification was carried out in a DNA Thermal Cycler PJ 2000 for 35 cycles with steps of denaturation at 94°C for 30 s, annealing at 56°C for 45 s, and extension at 72°C for 2 min, followed by a final extension at 72°C for 7 min. After the addition of 5 al of a glycerol-based loading buffer, 7 al of the mixture was subjected to electorphoresis in 2.0% agarose gel, then the DNA was visualized directly by ethidium bromide staining. To avoid mistyping, each sample found to have the DD genotype was subjected to a second, independent PCR amplification with a primer pair that recognizes an insertion-specific sequence (hace5a, 5'TGG GAC CAC AGC GCC CGC CAC TAC-3'; haces5c, 5'TCG CCA GCC CTC CCA TGC CCA TAA-3'), using identifical PCR conditions excepting that of annealing temperature of 67°C (25).
Statistical Analysis
Values were expressed as mean ± SD unless otherwise specified. For all statistical analyses, we used the computer software application StatView 5.OJ (SAS Institute Inc.). The differences among the genotypes were analyzed by ANOVA. The change in blood pressure after hospitalization was analyzed by paired-t test. Results were considered statistically significant when p < 0.05.
Results
The distribution of the ACE genotypes of II, ID, and DD was 74, 73, and 16, respectively, and no evidence of significant deviations from Hardy-Weinberg equilibrium was found. Patient characteristics according to genotype are shown in Table 1 . No significant differences in age, body mass index, plasma level of total cholesterol, triglyceride, or fasting blood glucose were found among the three ACE genotypes.
In the total study population, systolic blood pressure was significantly decreased after hospitalization from 117.3 ± 9.9 mmHg to 115.3 ± 12.8 mmHg (p = 0.042). Blood pressure levels before and after hospitalization are summarized in Table 2 .
Patients with the DD + ID genotype showed a significantly higher systolic blood pressure after hospitalization than that of subjects with the II genotype. No genotypespecific difference in diastolic blood pressure or changes in blood pressure were observed by the admission.
Discussion
In both hypertensive patients and normotensive subjects, it has been demonstrated that blood pressure is significantly decreased after hospitalization. In the present study, we also confirmed a significant reduction in systolic blood pressure on the second day after hospitalization in normotensive subjects. Several mechanisms have been shown to be involved in this phenomenon. Withdrawal of sympathetic nervous activity and the change in sodium balance are the most well documented mechanisms underlying hospitalized-related reduction of blood pressure
(1-6). Recently, Mills et al. (5) demonstrated that racial difference significantly affects the decline in blood pressure with hospitalization. They observed that blood pressure reduction was significantly slighter in African Americans than in American Caucasians. These findings indicate that some genetic factor is involved in the blood pressure reduction associated with hospitalization. Insertion/deletion polymorphism of the ACE gene has been shown to be associated with several cardiovascular complications including coronary artery disease (11), carotid arterial atherosclerosis (26), cerebral infarction (27), and insulin resistance (28) as well as with the progression of renal damage (29) . However, the direct relationship between the ACE genotype and hypertension or the levels of blood pressure has not been consistently demonstrated (12-24). Twenty-four hour blood pressure monitoring with 24 h ambulatory BP monitoring (ABPM) significantly improves the power of the prediction of endorgan damage and prognosis of hypertension (30) . However, the association between ACE genotype and the levels of 24-h blood pressure evaluated by ABPM has also not been found to be consistent (31) (32) (33) (34) . Recently, it was revealed, in the large population of the Framingham study, that the ACE locus is associated with diastolic blood pressure in men but not in women (22). These findings indicate that the effect of the ACE gene on blood Table 1 . Characteristics of the Subjects in the Three ACE Genotypes Table 2 .
The Levels of Blood Pressure before and after Hospitalization pressure may significantly vary in relation to population, gender, and/or several environmental factors.
In the present study, we demonstrated that systolic blood pressure levels after hospitalization, though not office blood pressure, was significantly higher in normotensive subjects bearing the D allele than in subjects with the II genotype. This finding may in part explain the inconsistent results between the ACE genotype and blood pressure levels, given that hospitalization constitutes isolation from environmental factors. Blood pressure measured in the office, in which setting environmental factors may have contributed to fluctuation, even in the case of ABPM, may obscure the effect of this gene on the level of blood pressure.
Recently, several studies about genotype specific therapeutic effects have been reported in hypertensive patients (35) (36) (37) (38) . Provided the antihypertensive effects of hospitalization were due to sympathetic nervous system withdrawal and change in sodium balance, the finding in the present study may indicate that sympathoinhibitory agents as well as diuretics may not be effective in patients bearing the D allele.
We were not able to find any difference in blood pressure levels among the DD, ID, and II genotypes. In a comparison between the D carrier (DD + ID) and the II genotype, the differences reached statistical significance, though the small number of DD subjects could partially account for this finding. However, the possibility cannot be ruled out that patients with the DD genotype may be more susceptible to the affects of hospitalization. Although the difference was not statistically significant, the change in systolic blood pressure after hospitalization among all groups was highest in the DD subjects. To obtain more accurate statistics and more specific conclusions, a study with a larger number subjects including hypertensive patients is necessary.
All subjects in the present study were male. Because female subjects admitted to the hospital for general medical check-ups proved scarce, female subjects were omitted from our series. The gender specific predisposition of the gene has previously been reported, and further study of including female subjects would be necessary to confirm the present results. In summary, systolic blood pressure after hospitalization was significantly higher in normotensive male subjects with the D allele of ACE I/D polymorphism than in any other group in our series. 
